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Description 



[COLOR FILTER AND MANUFACTURING 
METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92136978, filed December 26, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention generally relates to a color filter 

and the manufacturing method thereof. More particularly, 
the present invention relates to a color filter comprising a 
light shielding layer formed on the black matrix of the 
non-display area for avoiding the light leakage from the 
edge area of the display and the manufacturing method 
thereof. 

[0004] Description of the Related Art 

[0005] As the development of the performance of computer, in- 
ternet, and multimedia technology, the transformation of 



image information has gradually progressed from analog 
transformation to digital transformation. In recently years, 
the size and weight of many electronic device has become 
thin and light. As to a display device, although the con- 
ventional cathode ray tube (CRT) display is widely used, 
however, it has the disadvantages of large size, high radi- 
ation, heavy weight and high power consumption. There- 
fore, the flat panel display (FPD) is being developed having 
the advantages of thinner, flatter, lighter, radiation free 
and low power consumption, and has gradually become 
the mainstream of display devices. The flat panel display 
(FPD) including, for example, liquid crystal display (LCD), 
organic light emitting display (OLED)or plasma display 
panel (PDP). 

[0006] | n recent year, the liquid crystal display (LCD) is developed 
for the application of full-color, larger display area, higher 
resolution and low-cost. The color display of the liquid 
crystal display (LCD) is generally performed by color fil- 
ters. The color filter is generally constructed over a trans- 
parent glass substrate, wherein a black matrix for light 
shielding, and color filter units such as red filter unit, 
green filter unit and blue filter unit arranged correspond- 
ing to each sub-pixel, are disposed over the transparent 



glass substrate. The structure of color filter will be de- 
scribed in detail hereinafter. 
[0007] FIG. 1 is a cross-sectional view schematically illustrating 
the structure of a conventional color filter. Referring to 
FIG. 1 a color filter 100 includes a substrate 102, black 
matrices 104a and 104b, a plurality of color filter unit 106 
and a common electrode 108. The substrate 102 includes 
a display area 102a in the center of the substrate 102 and 
a non-display area 102b surrounding the edge of the dis- 
play area 102a. The black matrices 104a and 104b are 
disposed on the surface of the substrate 102, wherein a 
plurality of sub-pixel area 110 are defined by the black 
matrix 104a in the display area 102a, and the black ma- 
trix 104b covers the non-display area 102b that adjacent 
to the edge of the display area 102a. Furthermore, the 
color filter unit 106 is composed of a plurality of photore- 
sists that have different colors respectively(for example, a 
red photoresist, a green photoresist and a blue photore- 
sist). Each color of photoresist is disposed in the corre- 
sponding sub-pixel area 110 defined by the black matrix 
104 by performing conventional photolithography, etch- 
ing and developing process. Further, a common electrode 
108 is further formed on the surfaces of the black matri- 



ces 104a, 104b and the color filter unit 106. 

[0008] Next, referring to FIG. 1, a variety of color lights are gen- 
erated by performing a white light through the color filter 
unit 106, wherein the black matrix 104a of the display 
area 102a is provided for separating the different light 
colors. Therefore, contrast between different light colors 
and the purity of each color are enhanced. Furthermore, 
the black matrix 104b covering the non-display area 
102badjacent to the edge of the display area 102a is pro- 
vided for preventing the leakage of light from the non- 
display area 102b in order to enhance the image quality of 
the liquid crystal display (LCD). 

[0009] | n conventional art, the material of the black matrix gen- 
erally includes chromium metal. However, use of 
chromium metal the black matrix is an environmental 
concern, and therefore some proposed to replace the 
chromium metal by a black resin. It is noted that, because 
of the light shielding effect provided by the black resin is 
poor compared to the chromium metal, a portion of lights 
will still leak out from the non-display area. Thus, the 
light leakage from the edge of the display area is still a 
problem for the color filter. 
Summary of Invention 



[0010] Accordingly, to the present invention provides a color fil- 
ter capable of reducing light leakage from the edge of the 
display area. 

[0011] The present invention also provides a method of fabricat- 
ing the color filter mentioned above. A substrate having a 
display area and a non-display area formed thereon is 
provided. A black matrix is formed over the substrate, 
wherein the black matrix defines the display area into a 
plurality of first sub-pixel areas, a plurality of second 
sub-pixel areas and a plurality of third sub-pixel areas. 
The black matrix covers the non-display area, which 
forms an edge of the display area edge. Next, a first color 
filter unit is formed in each first sub-pixel area, and a first 
light shielding layer is formed over the black matrix of the 
non-display area simultaneously. Thereafter, at least a 
second color filter unit and at least a third color filter unit 
is correspondingly formed in each second sub-pixel area 
and each third sub-pixel area respectively. 

[0012] Furthermore, a second light shielding layer is optionally 
formed over the first light shielding layer. Furthermore, a 
third light shielding layer is further optionally formed over 
the second light shielding layer. Moreover, when the color 
filter is provided for multi-domain vertical alignment 



(MVA)liquid crystal display panel, a plurality of alignment 
bumps are further formed over the black matrix, the first 
color filter unit, the second color filter unit and the third 
color filter unit. 
[0013] The present invention provides a method of forming a 
color filter for multi-domain vertical alignment 
(MVA)liquid crystal display panel. A substrate having a 
display area and a non-display area formed thereon is 
provided. A black matrix is formed over the substrate, 
wherein the black matrix defines the display area into a 
plurality of first sub-pixel areas, a plurality of second 
sub-pixel areas and a plurality of third sub-pixel areas. 
The black matrix covers the non-display area, which 
forms an edge of the display area edge. Then, a first color 
filter unit, a second color filter unit and a third color filter 
unit are respectively formed in the first sub-pixel areas, 
the second sub-pixel areas and the third sub-pixel areas. 
Thus, a plurality of alignment bumps are formed over the 
black matrix, the first color filter unit, the second color 
filter unit and the third color filter unit. Next, a first light 
shielding layer is formed over the black matrix of the 
non-display area, which forms an edge of the display 
area. 



[0014] Further, in the color filter described above, a second light 
shielding layer may be disposed between the black matrix 
and the first light shielding layer. 

[0015] Furthermore, in the color filter described above, a third 

light shielding layer may be disposed between the second 
color filter unit and the first light shielding layer. 

[0016] Furthermore, in the color filter described above, a fourth 
light shielding layer may be disposed between the third 
color filter unit and the first light shielding layer. 

[0017] The color filter of the present invention comprises a sub- 
strate, a black matrix, a plurality of color filter units and a 
light shielding layer. The substrate comprises a display 
area and a non-display area. The black matrix is disposed 
over the substrate, and the material of the black matrix 
includes, for example but not limited to, black resin. The 
black matrix defines the display area into a plurality of 
sub-pixel areas and covers the non-display area that 
forms an edge of the display area. Furthermore, the color 
filter unit is disposed in the sub-pixel area, and the light 
shielding layer is disposed over the black matrix. 

[0018] Furthermore, the color filter unit comprises, for example 
but not limited to, a plurality of red photoresist units, a 
plurality of green photoresist units and a plurality of blue 



photoresist units. The light shielding layer is formed to- 
gether with the color filter unit. Accordingly, the light 
shielding layer may be comprised of a single layer or a 
multi-layer structure. The light shielding layer comprises, 
for example but not limited to, red photoresist, green 
photoresist or blue photoresist, or a combination thereof. 
Furthermore, the color filter of the present invention may 
also be provided for a multi-domain vertical alignment 
(MVA) liquid crystal display panel, wherein a plurality of 
alignment bumps are disposed over, for example but not 
limited to, the color filter unit and the black matrix. The 
light shielding layer may be formed together with the 
alignment bump. Further, the light shielding layer may be 
comprised of color photoresists or the material of the 
alignment bump. 
[0019] | n summary, the color filter of the present invention pro- 
vides a light shielding layer over the black matrix of the 
non-display area to seal the edge of the display area. 
Therefore, the light leakage from the edge of the display 
area can be reduced. It is to be noted that, in the manu- 
facturing method of the color filter of the present inven- 
tion, only the design of the mask of the color photoresist 
or alignment bump are required to be modified, however 



the manufacturing process and the materials need not 
changed. 

[0020] it is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0021] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 
tion and, together with the description, serve to explain 
the principles of the invention. 

[0022] FIG. 1 is a cross-sectional view schematically illustrating 
the structure of a conventional color filter. 

[0023] FIG. 2A to FIG. 2F are cross-sectional views schematically 
illustrating a process of forming a color filter according to 
an embodiment of the present invention. 

[0024] FIG. 3 is a cross-sectional view schematically illustrating a 
structure of a color filter shown in FIG. 2. 

[0025] FIG. 4 is a cross-sectional view schematically illustrating a 
color filter having double light shielding layers according 
to an embodiment of the present invention. 



[0026] FIG. 5 is a cross-sectional view schematically illustrating a 
color filter having double light shielding layers according 
to another embodiment of the present invention. 

[0027] FIG. 6 is a cross-sectional view schematically illustrating a 
liquid crystal display panel having a multi-domain vertical 
alignment (MVA) structure according to an embodiment of 
the present invention. 
Detailed Description 

[0028] The present invention will now be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as lim- 
ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0029] FIG. 2A to FIG. 2F are cross-sectional views schematically 
illustrating a process of forming a color filter according to 
an embodiment of the present invention. Referring to FIG. 
2A, a substrate 202 is provided. The substrate includes, 
for example but not limited to, a transparent substrate 



comprised of a glass or a plastic material. Moreover, the 
substrate 202 is defined into a display area 202a and a 
non-display area 202b, wherein the non-display area 
202b surrounds the display area 202a. Next, referring to 
FIG. 2B, a patterned black matrix layer is formed over the 
substrate, wherein portions of the patterned black matrix 
204a are formed over the display area 202a and a portion 
of the patterned black matrix 204b is formed over the 
non-display area 202b. The patterned black matrix layer 
comprises a non-transparent material including, for ex- 
ample but not limited to, black resin. The patterned black 
matrix can be formed by performing conventional pho- 
tolithography, etching and developing process. The por- 
tions of patterned black matrix 204a defines the display 
area 202a into a plurality of first sub-pixel areas 210a, a 
plurality of second sub-pixel areas 210b and a plurality of 
third sub-pixel areas 210c. The portion of patterned black 
matrix layer 204b covers the non-display area 202b and 
forms an edge of the display area 202a. 
[0030] Next, referring to FIG. 2C, a first color filter unit 208a is 
formed in the first sub-pixel areas 210a. For example, a 
first color photoresist layer is formed over the substrate 
203 and then a conventional photolithography, etching 



and developing process may be performed over the first 
color photoresist layer to form the first color filter unit 
208a. At the same time, a light shielding layer 212 is 
formed on the portion of the patterned black matrix 204b 
over the non-display area 202b. 

[0031] N extj referring to FIG. 2D, a second color filter unit 208b 
is formed in the second sub-pixel areas 210b. For exam- 
ple, a second color photoresist layer is formed over the 
substrate 202 and then a conventional photolithography, 
etching and developing process may be performed over 
the second color photoresist layer to form the second 
color filter unit 208b. 

[0032] Thereafter, referring to FIG. 2E, a third color filter unit 

208c is formed in the third sub-pixel areas 210c. For ex- 
ample, a third color photoresist is formed over the sub- 
strate 202 and then a conventional photolithography, 
etching and developing process may be performed over 
the third color photoresist layer to form the third color fil- 
ter unit 208c. 

[0033] Finally, referring to FIG. 2F, a common electrode 214 is 
formed over the substrate 202. The common electrode 
214 covers the portions of the patterned black matrix 
204a, portion of the patterned black matrix 204b, the 



light shielding layer 212, the first color filter unit 208a, 
the second color filter unit 208b and the third color filter 
unit 208c. 

[0034] FIG. 3 is a cross-sectional view schematically illustrating a 
structure of a color filter shown in FIG. 2. Referring to FIG. 
3, a liquid crystal display panel 250 is formed by, for ex- 
ample but not limited to, performing the steps of dispos- 
ing the glue 216 on the substrate, compressing the sub- 
strate and then injection the liquid crystal 218 into the 
color filter 200. Accordingly, the polarization direction of 
the white light entering the thin film transistor (TFT) array 
substrate is changed by the liquid crystal layer 218. Then 
the white light is filtered by the first color filter unit 208a, 
the second color filter unit 208band the third color filter 
unit 208c respectively, thus a variety of color lights are 
generated. Because a light shielding layer 212 is formed 
over the black matrix 204b of the non-display area 202b, 
the light shielding capability of the non-display area 202b 
is improved, and the light leakage via the edge of the dis- 
play area 202a is reduced. 

[0035] | n an embodiment of the present invention, a light shield- 
ing layer of the color filter is formed over the black matrix 
of the non-display area, which forms an edge of the dis- 



play area, therefore the transparency of the non-display 
area to light is also reduced. In another embodiment of 
the present invention, the light shielding layer can be 
formed together with any color filter unit. In an embodi- 
ment of the invention, for example, if the filter units of 
the color filter is formed using a red filter unit, a green 
filter unit and a blue filter unit, the light shielding layer 
may be formed, for example but not limited to, together 
with the blue filter unit, by using a blue photoresist layer. 
[0036] FIG. 4 is a cross-sectional view schematically illustrating a 
color filter having double light shielding layers according 
to an embodiment of the present invention. In the inven- 
tion, except for providing a color filter having alight 
shielding layer formed from the blue filter unit, a color fil- 
ter having a double light shielding layer shown in FIG. 4 
can also be provided. As show in FIG. 4, a first light 
shielding layer 212 is formed before the first color 
(red)filter unit 208a is formed. Thereafter, when the sec- 
ond color (blue)filter unit 208b is formed, a second light 
shielding layer 212a is formed over the first light shield- 
ing layer 212. Thus, the light shielding layer has a double 
layer structure comprising red photoresist and blue pho- 
toresist layers. 



[0037] FIG. 5 is a cross-sectional view schematically illustrating a 
color filter having double light shielding layers according 
to another embodiment of the present invention. More- 
over, as shown in FIG. 5, when the third color (green)filter 
unit 208c is formed, a third light shielding layer 212b is 
formed over the second light shielding layer 212a. Thus, 
the light shielding layer has a triple layer structure com- 
prising red, blue and green photoresist layers. The light 
shielding layer is comprised of, for example but not lim- 
ited to, the combination of red, green or blue photoresist 
layers (for example, a combination of red photoresist/blue 
photoresist or red photoresist/green photoresist/blue 
photoresist). The sequence of the photoresist in the com- 
bination may be dependent on the manufacturing process 
of the color filter unit or the design of the mask. 

[0038] | n another embodiment of the present invention, the color 
filter and the manufacturing method of the invention can 
be provided for any type of liquid crystal display panel, for 
example but not limited to, a multi-domain vertical align- 
ment (MVA) liquid crystal display panel. FIG. 6 is a cross- 
sectional view schematically illustrating a liquid crystal 
display panel having a multi-domain vertical alignment 
(MVA) structure according to an embodiment of the 



present invention. The color filter 300comprises, for ex- 
ample but not limited to, a substrate 302, black matrices 
304a and 304b, a plurality of color filter units 308, a plu- 
rality of alignment bumps 310, a light shielding layer 
312and a common electrode 314. The substrate 302 
comprises a display area 302aand a non-display area 
302b, wherein the black matrices 304a and 304a are dis- 
posed over the substrate 302. The material of the black 
matrices 304a and 304a includes, for example but not 
limited to, a black resin. The black matrix 304a defines a 
plurality of sub-pixel area 308a in the display area 302a, 
and the black matrix 304bcovers non-display area 302b, 
which forms the edge of the display area 302a. 
[0039] Next, referring to FIG. 6, the color filter units 308 are dis- 
posed in the sub-pixel area 308a respectively, and are 
formed, for example but not limited to, by a variety of 
photoresist layers having different colors (such as red 
photoresist, green photoresist or blue photoresist) using 
exposing and developing process. Furthermore, the align- 
ment bump 310 is disposed over the common electrode 
314and in the display area 302a, and is formed, for ex- 
ample but not limited to, by performing photolithography 
process including masking, exposing and developing pro- 



cess on a photosensitive material. Moreover, as shown in 
FIG. 6, the light shielding layer 312 of the color filter 300 
is formed with the alignment bump 310a, and the light 
shielding layer 312 is disposed over the common elec- 
trode 314 and in the non-display area 302b adjacent to 
the edge of the display area 302a. 

[0040] it is noted that, except for forming the light shielding 

layer described above with the alignment bump, a plural- 
ity of color photoresist layers can also be formed accord- 
ing to the previous embodiments. 

[0041] Accordingly, the color filter and the manufacturing 

method thereof of the present invention can improve the 
problem of light leakage from the edge of the display area 
when the black matrix is made of black resin. It is noted 
that in an exemplary embodiment of the present inven- 
tion, the color filter composed of blue photoresist layer 
has a better light shielding effect than that of red pho- 
toresist layer, and whereas the color filter composed of 
green photoresist layer has a worse light shielding effect. 
Furthermore, when the color filter is provided for a multi- 
domain vertical alignment (MVA) liquid crystal display 
panel, the light shielding layer can be formed with the 
alignment bump. Moreover, if the light shielding layer is 



provided together with the color photoresist layer de- 
scribed above, a variety of materials may be provided for 
forming the light shielding layer. Furthermore, in the 
manufacture of the color filter of the present invention, 
only the design of the mask is modified, but the process 
or and the material used in the manufacture remain same. 
Therefore, the light leakage problem can be effectively re- 
duced and also the process is simplified. 
[0042] it w j|| De apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



